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PURPOSE: To maintain electrostatic withstand voltage without deteriorating response 
characteristics of input first-stage circuit, by^forming gate oxide film of MOS FET which 
forms input protective circuit and input first-stage circuit in such a way that the gate 
oxide-film is thicker than gate oxide film of other internal MOS FET. 

CONSTITUTION: Gate oxide film of MOS FETs 5 1 and 6 1 forming input protective circuit 9, and 
MOS FETs 12' and 13' forming input first-stage circuit are thicker than those of MOS FETs 14 
and 15 and the like forming other internal circuits 11. By thickening gate oxide film of an 
MOS FET forming input protective circuit 9 and input first-stage circuit 10, electrostatic 
withstand voltage of gate oxide film is increased. Therefore, electrostatic withstand 
voltage property can be maintained without increasing resistances of resistors 1 and 2, and 
stray capacitances 3 and 4 of the input protection circuit 9, and high speed characteristics 
of the internal circuit 11 is maintained since gate oxide films of other internal circuits 
11 is thin. By this, electrostatic withstand voltage property can be maintained without 
reducing response characteristics of the input first-stage circuit. 
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SPECIFICATION 



Title of Invention 
Semiconductor device 



2 . Scope of the Patent Claim 

A semiconductor device that is characterized by the gate oxide films of 
MOSFETs that comprise the input/output circuits that are connected to the pad 
on a semiconductor substrate being formed so that they are thicker than the 
gate oxide films of other MOSFETS on the aforementioned substrate. 

3 . Detailed Description of the Invention 
[Field of Industrial Application] 
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This invention pertains to a semiconductor device, and specifically to a 
semiconductor device that is provided with a means of countering the 
electrostatic breakdown of MOSFETs. 
[Prior Art] 

Operating speeds of semiconductor integrated circuits have been 
increasing in recent years parallel with increases in their capacity. Thus, 
due to the necessity to increase charging and discharging capacities in order 
to accommodate these increases in speed, gate oxide films have been getting 
thinner and thinner. However, generally, as gate oxide films get thinner, 
they also become more susceptible to electrostatic breakdown. Therefore, in 
the past, input protective circuits 9, which use this type of metal oxide 
semiconductor (MOS) field effect transistors (FET) , like that shown in Figure 
3, came to be used as a count erme a sure to electrostatic breakdown. A 
polysilicon resistor 1, diffusion layer resistor 2, stray capacitances 3, 4, 
i.e., diffusion layers, and N-type MOSFETs 5, 6 are shown in Figure 3. 

Further include a diod« 7 and these components comprise an input 
protection circuit 9, which is connected to a pad 8. The subsequent first- 
stage circuit 10 consists of CMOS-FETs 12, 13 and the internal circuit 11 
consists of CMOS-FETs 14, 15. The drain of MOSFET 5 is connected to the power 
potential V and its gate is connected to the ground potential G, while the 
source and gate of MOSFET 6 are connected to the ground potential G. 
Resistors 1, 2 and stray capacitances 3, 4 are for suppressing any peak 
voltage that may occur when a surge voltage, such as static electricity, is 
input, while the N-type MOSFETs 5, 6 are for shunting the surge voltage load 
to the power potential V or ground potential G by means of the MOSFET breaking 
down. Because the input protection circuit suppresses the peak of a surge 
voltage and provides a path for shunting its load, as described above, to the 
extent that the gate oxide films become thin, the resistors 1, 2 and stray 
capacitances 3, 4 must become larger. 
[Problem to be Solved by the Invention] 

As discussed above, as gate oxide films become thinner in the past 
example the risk increases for gate breakdown in the MOSFETs of the input 
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protection circuit 9 and input first-stage circuit 10. And while the 
electrostatic withstand voltage can be improved by increasing the size of the 
stray capacitances 3, 4 and resistors 1, 2 in the input protection circuit, 
this also haB problems in that the waveform that is to be input to the input 
first-stage circuit 10 is clipped by the stray capacitances 3, 4 and resistors 
1, 2, deteriorating the response of the input first-stage circuit 10. 

The purpose of this invention is to provide a semiconductor device that 
improves electrostatic withstand voltage, without decreasing the response 
characteristics of the input first-stage circuit. 
[Means of Solving Problems] 

The constitution of the semiconductor device of this invention is 
characterized by the gate oxide films of MOSFETs that comprise the 
input/output circuits that are connected to the pad on a semiconductor 
substrate being formed so that they are thicker than the gate oxide films of 
other MOSFETS on the aforementioned substrate. 
[Example Embodiments] 

This invention will be explained below, referring to the attached 
figures. 

In Figure 1, this example embodiment differs from the past example given 
in Figure 3 on the following points: the MOSFETs 5', 6' that comprise the 
input protection circuit 9 and the MOSFETs 12', 13' that comprise the input 
first-stage circuit 10 have thicker gate oxide films than those of the MOSFETs 
14, 15 that comprise the other internal circuits 11. In Figure 1, the 
differences in gate oxide thickness are indicated by the different ways of 
writing [MOSFET] . The ability of the gate oxide films of the MOSFETs that 
comprise the input protection circuit 9 and the input first-stage circuit 10 
in Figure 1 is improved by making them thicker than all other gate oxide 
films. ' 

Consequently, since the ability of the resistors 1, 2 and stray 
capacitances 3, 4 in the input protection circuit 9 to withstand static 
electricity can be maintained without increasing their size, and since the 
gate oxide films of the other internal circuits 11 can still be made thin, 
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there is no lose in the speed performance of the internal circuits 11. Of 
course, thickening of the gate oxide film may be limited to only some of the 
MOSFETs that comprise the input protection circuit 9 or the input first-stage 
circuit 10 in Figure 1. 

Incidentally, the method for manufacturing some of the gate oxide layers 
thick and some thin incorporates a method in which the thickness of the gate 
oxide films used in the internal circuits other than the MOSFETb that comprise 
the input protection circuit 9 or input first-stage circuit 10, i.e., the thin 
oxide layers, are formed first to the specified thickness by thermal growth, 
after which a photoresist is applied and the photoresist is removed only in 
the areas of the MOSFETs that comprise the input protection circuit 9 or input 
first-stage circuit 10 and gate oxide films are grown thicker by thermal 
growth only in those areas where the aforementioned photoresist was removed. 

Figure 2 is a circuit diagram showing the semiconductor device of 
another example embodiment of this invention. 

In Figure 2, the signal from the internal circuits 20 in this example 
embodiment is output through output transistors 22, 23 from an output pad 21. 
The gate oxide films of the MOSFETs 22, 23 that comprise the output transistor 
connected to the output terminal are made thicker than the gate oxide films of 
the other internal MOSFETs 24, 25, 26, 27. Consequently, the ability of the 
output transistor 19 that iB connected to the output terminal to withstand 
gate oxide film breakdown due to static electricity can be improved. 

The semiconductor device in the above example embodiment of this 
invention is novel in that the gate oxide films of MOSFETs that comprise the 
input protection circuit or input first-stage circuit that is connected to an 
input terminal, or MOSFETs that comprise the output transistor that is 
connected to an output terminal, in semiconductor devices that contain MOSFETs 
formed in a semiconductor substrate are made thicker than those of other 
internal MOSFETs . 
[Effect] 

By making the gate oxide films of MOSFETs that comprise the input 
protection circuit or input first-stage circuit, or the output transistor, 
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which are connected to the input terminal and output terminal thicker than 
those of other internal MOSFETs, as described above, this invention has the 
effect of being able to maintain an electrostatic withstand voltage, without 
increasing their resistance or capacitance, etc. 

Of course, this invention is also able to maintain the high speed of the 
other internal circuits since their gate oxide films are kept thin. 

4 . Brief Explanation of the Figures 

Figure 1 is a circuit diagram of the area around the input protection 
circuit and input first-stage circuit of an example embodiment of this 
invention, Figure 2 ie a circuit diagram of an output circuit that contains 
the output transistor of another example embodiment of this invention, and 
Figure 3 is a circuit diagram of the area around a conventional input 
protection circuit and input first-stage circuit. 

5, 5', 6, 6', 13, 13', 15, 25, 27 ... N-type M0SFET, 12 , 12', 14, 24, 26 .„ 
P-type MOSFET, V ~ power potential, G ~ ground potential, 3, 4 ... stray 
capacitances, 7 - diode, 8 ~ input pad, 21 ... output pad, 1 polysilicon 
resistor, 2 ... diffusion layer resistor. 
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[Fig. 2] 
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